, for the INSPIRE LP investigators abstract BACKGROUND AND OBJECTIVE: Simulation-based skill trainings are common; however, optimal instructional designs that improve outcomes are not well specified. We explored the impact of just-in-time and just-in-place training (JIPT) on interns' infant lumbar puncture (LP) success.
WHAT'S KNOWN ON THIS SUBJECT: Trainee success rates with infant lumbar puncture are poor. The model of just-in-time learning via simulation has produced clinical improvement for other medical skills such as cardiac compressions and central line dressing changes.
WHAT THIS STUDY ADDS:
This is the first study to evaluate the impact of just-in-time-and-place simulation-based learning on success with infant lumbar puncture. The intervention improved clinical behaviors associated with success without making a significant impact on success with the procedure.
Infant lumbar puncture (LP) is a required skill for pediatric residents. 1 However, recent literature demonstrates that experience with the procedure before residency is minimal. 2 Simulation can address this deficit in experience, safely augmenting other methods of learning procedural skills. [3] [4] [5] [6] [7] [8] [9] [10] However, few multicenter data exist characterizing the impact of simulation training at the patient level, especially in pediatrics. [11] [12] [13] [14] [15] Our previous single-center study demonstrated that using simulation to train residents to a minimal standard could improve their clinical success with infant LP. 16, 17 However, similar educational programs tested in other environments have not shown any improvements in clinical LP performance. 18, 19 Furthermore, when we repeated our intervention in a multicenter setting, we failed to replicate our previous success. 11 In the current study conducted within International Network of SimulationBased Pediatric Innovation, Research, and Education (INSPIRE), we aimed to improve and standardize implementation of the intervention across multiple, varied settings. 20 This work was accomplished through monthly meetings among site directors to review barriers and facilitators and an annual inperson meeting where feasible enhancements for the coming year were discussed and decided. Based on the literature and our own published qualitative assessments of intern perspectives on learning barriers and facilitators, the group decided that distributing training sessions throughout the year (distributed practice) would be a superior educational strategy. 21, 22 Distributing learning activities over time (distributed practice) is a key instructional design strategy promoting skill improvement that was not included in our previous trials. 23 Simulation models for distributed practice sessions in the clinical setting have proven clinical impact for other pediatric skills such as cardiac compressions and central line dressing changes. 24, 25 This education strategy can be subdivided into experiences that are not only apportioned across time but also offered "just in time," or immediately before the clinical task or procedure being trained for, and "just in place," when the learning experience occurs in the actual workplace. The described intervention occurred both just in place and just in time (JIPT).
Our hypothesis was that the addition of JIPT simulation immediately before infant LP attempts would have a greater impact on interns' clinical LP success rate than a solitary training session. 11 
METHODS

Study Design and Setting
This was a multi-institution educational prospective phased cohort study conducted over the course of 3 consecutive academic years, comparing 2 cohorts of interns at 34 academic medical centers (Table 1 ). All sites obtained necessary approvals from local institutional review boards, and requisite informed consent was obtained.
Participants
We enrolled incoming postgraduate year 1 trainees from pediatric or emergency medicine residency programs at participating study sites. Study sites are members of the INSPIRE network. 20 Information about the number of interns enrolled in the study is available in Fig 1. 
Intervention and Comparison
The initial baseline cohort (cohort A, 2009-2010) watched a video demonstrating the procedure and received a solitary training session at the start of residency incorporating practice on a simulator until a predefined master performance standard was achieved. The intervention cohort (cohort B1, 2010-2011 and cohort B2, 2011-2012) experienced the same training bundle plus the addition of JIPT immediately before clinical opportunities to perform infant LPs.
Baseline Assessments
At intern year matriculation, participants completed an online selfadministered 28-item questionnaire that collected baseline information on knowledge, attitudes, and experience with the infant LP procedure. Knowledge was assessed through multiple-choice questions developed and pilot tested on nonstudy senior residents, fellows, and faculty. Attitudes were assessed on a 4-point Likert scale of confidence (Supplemental Fig 1) .
Procedure Video
Cognitive prelearning is the phase in which a learner studies and acquires knowledge about a procedure. During orientation to residency, study participants viewed a 20-minute compilation of LP videos including procedure videos published by The New England Journal of Medicine and content developed by the study authors (production by Imaginehealth, New York, NY). 26, 27 The video provided an opportunity to view an expert performing the procedure on the simulator (expert modeling) and covered content including indications, contraindications, complications, necessary equipment key steps, and pediatric-specific elements of the procedure.
Hands-On Training
After watching the procedure video, participants attended a hands-on training session at the start of residency. Trained facilitators guided participants in 1-on-1 repetitive practice sessions until participants achieved a predefined level of mastery of the procedure on an infant LP simulator (BabyStap; Laerdal Medical, Stockholm, Sweden). 11, 16, 17 Mastery was defined as independent performance of all items on a subcomponent skills checklist (Supplemental Fig 2) . Development and validation of the skill checklist has been previously described. 11, 16, 28, 29 Sessions ranged from ∼20 to 60 minutes. For cohort B2, this session differed slightly in that facilitator expert modeling of the procedure was added to the start of the session. The number of facilitators varied by site depending on how many interns were enrolled, and no data were collected as to the experience level of the trainers. All facilitators participated in a standardized 30-minute "train-thetrainer session" before the study where they viewed the video, received a didactic about mastery learning, and practiced completing forms.
Just-in-Time and Just-in-Place Training (Intervention Cohorts B1, 2010-2011, and B2, 2011-2012) Participants in the intervention cohorts, in addition to partaking in the training bundle already described, also had the opportunity, immediately before each infant LP, for individually coached practice with a simulator to refresh skills before an attempt in the clinical setting. The simulators were made available in all clinical areas where infant LPs are routinely performed (eg, NICU, emergency department, inpatient unit). JIPT was expected to be brief (5-10 minutes) and to occur with clinical supervisors who would be supervising the LP. The supervisors had previously completed a separate training module (prerecorded PowerPoint module) to orient them to the educational framework. Feedback was offered to learners, encouraging repetitive practice with feedback until they could proceed without errors or interruptions to complete the procedure independently, implying readiness to perform clinically with supervision. Participants and supervisors completed similar data collection forms after the JIPT and after the clinical infant LP attempt (Supplemental Figs 3 and 4). Actual decisions to perform clinical procedures were based on local standard of care practices and made by clinical supervisors at each site. If either the participant or the supervisor felt uncomfortable after the refresher training, our study guidelines strongly discouraged proceeding with the procedure. In cohort B2, participants who performed an infant LP without JIPT (eg, they ignored the study protocol completely) were still asked to report their results via online self-report. Only the first infant LP of participants was included in the final database for analysis.
Analysis and Sample Size
Our primary outcome was interns' first-attempt infant LP success rate. A successful LP was conservatively defined as obtaining cerebrospinal fluid (CSF) with ,1000 red blood cells per high-powered field on the first attempt (without previous attempts by other providers). Because red blood cell count was not always immediately available when forms were completed, this was often a missing data point. We therefore decided a priori that when cell count was not available, the LP would be coded as a success if, and only if, interns described first-attempt CSF as clear. Given the established success rate of 34% in our previous study (cohort A), 11 we needed 182 LPs in the intervention cohort to detect a 10% absolute difference in success rates with 80% power at the .05 significance level. Considering dropouts, missing values, and other missing data, we planned to enroll $250 interns per cohort. When this number was not reached in the first year of enrollment for the intervention cohort (B1), we continued the protocol for a second year (B2). We collected the following secondary outcomes: known modifiable factors linked to success and promoted in our educational bundle (use of early stylet removal technique and use of analgesia) and patient-centered variables (attending supervision, family presence, and overall number of attempts). Potential confounders that were collected include previous experience of participants, patient age, location of the procedure, and holder for the procedure. Outcome assessors were masked, and all participant data were indexed via a confidential study identification number for each participant.
We analyzed participant characteristics by using descriptive statistics, and we compared the primary outcome across groups by using Fisher's exact test. We compared knowledge and confidence levels between groups by using an independent 2-sided t test and x 2 test. We analyzed other secondary variables by using either a x 2 test for proportions or an independent 2-sided t test for continuous variables. We carried out an exploratory regression analysis to ensure that the effect of the intervention on LP success was not masked by the influence of covariates. For variables where there was a statistically significant difference between the control group and intervention group, we determined their potential impact as covariates in the following way. First, given the large number of variables, we inspected the absolute differences and retained those that were clinically significant (ie, absolute difference of 20%). Next, for each clinically significant variable, we used the Cochran-Mantel-Haenszel (CMH) method to combine multiple contingency tables to examine whether these variables had impact on infant LP success rates. 30 We also assessed for site variability by using the CMH with site as the stratification variable and the Breslow-Day test for heterogeneity. We conducted all analyses by using Stata 13 (Stata Corp, College Station, TX). (Fig 1) .
RESULTS
Participants
A total of 1319 participants were enrolled: 104 interns in 2009 to 2010, 578 interns in 2010 to 2011, and 637 interns in 2011 to 2012. They reported 507 first LPs (51, 158, and 298 LPs, respectively). Of these 507 LPs, 436 LPs were identifiable as success or failure based on the predefined protocol of the study
Baseline Variables
Baseline characteristics were similar between all cohorts for the majority of variables (Table 2 ). Of note, there appeared to be a decline in previous infant LP clinical experiences and a corresponding increase in infant LP training and simulator experiences among interns at the start of residency between cohort B1 and B2.
Main Outcome
Infant LP success rate in cohort A was not significantly different from that in cohort B (35% vs 38%, absolute difference 3%; 95% confidence interval for difference [CI diff], 215% to +18%). In addition, as displayed in Table 3 , the 2 successive cohorts in the JIPT group did not show statistically significant difference in LP success rate: 42% (cohort B1) vs 36% (cohort B2), (95% confidence interval for difference 24% to +17%).
Process Outcomes and Known Mediator Variables
Our JIPT educational intervention was associated with greater use of analgesia (68% vs 19%; 95% CI diff, 33% to 59%), greater use of early stylet removal (69% vs 54%; 95% CI diff, 0% to 32%), and lower mean number of attempts (1.4 6 0.6 vs 2.1 6 1.6, P , .01) ( Table 4) . Although all these variables are predictors of success in the literature, only early stylet removal was associated with success in our study across all 3 cohorts (P = .04). 31, 32 Age of patients was also significantly associated with success (P , .001), but no difference was seen between cohorts. All the aforementioned variables were added in a stepwise fashion to a logistic regression model predicting infant LP success and did not uncover either a main effect for the study intervention or any significant interactions.
Other Process Measures
Family member presence was associated with success (P = .03) and was significantly greater in cohort B than in cohort A (39% vs 16%; 95% CI diff, 7% to 32%). The type of holder for the infant LP was not associated with success and did not differ between the cohorts. Attending supervision was also similar between groups.
Potential Confounder Variables
There was a statistically significant difference between cohort A and cohort B for the following variables: previous infant LP simulator experience, infant LP knowledge, infant LPs performed in the emergency department, and infant LPs performed in the NICU. When we adjusted for site, CMH testing found no association at the .05 significance level between individual sites for these variables and infant LP success. The specific locations for infant LP performance within each hospital (emergency department, NICU) were not associated with success (P = .16). Variability in success rates between hospital sites was low (P = .65, CMH, Breslow-Day test). An average of 7 clinical supervisors was reported per site, with a range of 2 to 18. The majority of supervisors were attending physicians (43%), followed by fellows (23%) and residents (26%).
Protocol Adherence
The impact of protocol adherence was assessed for cohort B2 (2011-2012); no difference was found in infant LP success rates between those who completed a JIPT session and those who did not (Table 5) . Clinical supervisors from all sites reported the following areas as most needing practice by interns: needle insertion or advancement (41%), preparation (37%), and positioning infant (12%), with other issues occurring ,5% of the time. The majority of participants reported spending between 5 and 10 minutes doing the JIPT (55%), with 34% reporting ,5 minutes and 5% reporting .10 minutes (6.4% were missing data). x 2 test comparing average time on task between sites was not significant (P = .51).
DISCUSSION
This study is the largest prospective multicenter investigation into the optimal simulation-based instructional design for infant LP success. It is also one of the few pediatric studies that compares 2 different simulation designs with each other. 23 We previously demonstrated improved infant LP clinical success among pediatric trainees after a single simulationbased intervention (71% intervention group vs 27% control group). 16 However, in a subsequent multicenter study, this clinical impact could not be replicated in the intervention group (pooled 34% success rate). 11 With the addition of JIPT, the current study still found no statistically discernible improvement in infant LP success rate. More specifically, the success rate (38%) for the intervention group based on data collected over a 2-year period was not statistically significantly different from the 35% success rate found in the previous year. We noted improvement in several process measures, such as the number of attempts needed and other behaviors previously shown to be associated with success (early stylet removal technique and use of analgesia). 31 Low infant LP success rates among trainees are an intransigent problem. In this study, we report lower infant LP success rates (ranging from 34% to 42%) than previous descriptive reports of novice success rates (45%-63%). 32, 33 These differences may reflect variations in definitions of success or populations studied. We set a high bar for success: a single, atraumatic attempt. 27 Although smaller studies have documented success using only laboratory results and not number of attempts, 32 we chose this patientcentered definition because success on the first attempt causes the least discomfort to patients. Other than our aforementioned single-center study, no research has demonstrated an intervention leading to improved clinical success with the infant LP procedure. The education strategy we used of training to a minimum passing standard (mastery learning) is a well-supported strategy for skill training. 23 Gaies et al 13 performed a randomized trial of an infant LP mastery learning intervention for pediatric residents at the start of their pediatric emergency medicine rotation, but they did not find any significant difference in clinical success (70% for participants and 62% for controls). The high success rates reported in their study probably resulted from the more liberal definition of success, which included any CSF sample that was suitable for culture, regardless of number of attempts. A more recent single-center study found that 62% (13/21) of interns were successful on their first infant LP attempt after a mastery learning intervention; however, conclusions were limited by a lack of comparison group. 34 Other studies using similar educational frameworks have also demonstrated improved confidence or skill in a simulated environment but were unable to reliably show a clinical improvement with actual patients. [35] [36] [37] [38] Even though our intervention was unable to globally improve clinical success rates, we did notice improvement in specific physician behaviors (Kirkpatrick level 3). 39, 40 There was a notable increase in the use of preprocedural analgesia and the early stylet removal technique, both of which were emphasized in our intervention, because they have been associated in previous studies with improved procedural success. 31, 41 The JIPT group also had improvement in patient-centered outcomes, such as reduced number of overall attempts and increased family presence.
A program for procedural learning that emphasizes multiple spaced practice sessions with a coach and JIPT has the potential to be effective if we can determine the optimal timing and frequency of both learning episodes and assessments. Field studies are needed to elucidate why our success rates are so low. We explored some of the barriers and facilitators to the implementation of the workplace JIPT intervention in separate qualitative studies. 22, 43 Interns cited barriers to successful workplace training interventions such as workplace busyness and instructor lack of support. In contrast, interns commonly mentioned that improved realism of the training model would improve the training experience. 22 Although there is an increasing trend toward more didactic and simulation education during medical school, the number of clinical infant LP procedural experiences is not sufficient to prepare incoming interns to perform these procedures. 2 In addition, confidence in ability to perform the infant LP procedure was consistently poor throughout all cohorts in this study and previous investigations. 2, 11, 16 There are a number of limitations to our study. Iterative changes in our educational intervention (eg, addition of expert modeling to the mastery learning and the JIPT itself) were based on annual reflection, qualitative review, and consensus among the education and clinical experts in this group. Therefore, our ability to identify the impact of specific changes was limited.
Another important limitation of our study is the reliance on self-report to document the primary outcome. However, we also required supervisors to submit a form for every LP they supervised to substantiate the interns' self-report forms. Use of historical controls may confound our results because each year brought unique learners, educators, and work environments.
To mitigate this risk, we carefully tracked these confounders to assess for secular trends that could bias our results. We ascertained for volunteer bias by concurrently surveying participants in the 2011 to 2012 cohort who, for any reason, did not complete a JIPT (Table 5 ). The rate of LPs performed appears low among the JIPT cohort (39% of participants), and although the study protocol cannot verify whether the rates reported in this study reflect actual performance, it is similar to other studies using similar protocols to track procedures. 44 The asynchronous and infrequent occurrence of infant LPs limited the usefulness of the clinical encounter as a trigger for training refreshers. Cognitive science literature supports an interval of practice that is roughly one-third of the retention time. 45 With the minimal clinical experiences reported, we do not yet know the retention period for infant LP skills among novice providers who have been trained. Furthermore, because we collected outcomes only from the first infant LP, we had no way to know whether skills improved after several encounters. Simulation may help shorten the time to achieve clinical success, but multiple procedures are necessary to determine the number of procedures needed before a sustained improvement in clinical success rates is seen. 12 The use of multiple diverse trainers in teaching is an inherent limitation to any multicenter educational study that we sought to mitigate through the use of standardized training protocols and faculty development. Although this method inevitably increases variability, it also improves the generalizability of our findings. Our analysis for site-level variance did not reveal any impact on our primary outcome measure. Finally, the number of sites in our network increased with each year of the study, adding some site variability between the cohorts. The increase was needed because of the limited number of procedures being performed by interns. Our ability to show small incremental improvements in clinical outcomes along the way was therefore limited. Finally, as noted by Kirkpatrick and Kirkpatrick, 46 the leap from individual-level to patient-level impact may be stifled by a culture in which it is difficult to enact change rather than by an ineffective intervention. Because a version of this intervention was effective in a single center, we may not have done enough to focus on issues of implementation before iterating the design and participants.
CONCLUSIONS
In a large field study of .1000 pediatric and emergency medicine interns, we tested the hypothesis that JIPT in addition to our preexisting training bundle would improve infant LP success rates. Despite improvements in physician behaviors associated with success (analgesia use and early stylet removal technique), our intervention did not have a significant impact on intern first infant LP clinical success. The reduction of overall attempts and increase in family presence may also be considered independently beneficial to patients.
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